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Vernon was born in Rhyl, North Wales on 15 November 1937, but lived in Cardiff from an early age. His twin sister says that his interests in agriculture developed during his visits to an uncle's farm in Nottinghamshire. He studied agriculture at Reading (BSc 1959) and Cambridge (Post graduate diploma 1960).
He moved to the University of California at Davis in 1960 to gain his PhD in 1965 for work on calcium and phosphorus homeostasis in sheep, moving to MIT to work with Nevin Scrimshaw and meeting Janice his wife to be that same year.
His work was characterised by three main interests, human protein and amino acid metabolism and requirements, nutrition and aging and nutrient bioavailability. His output was quite remarkable, (especially given two triple bypass operations), just short of 600 full length peer reviewed papers, book chapters & reviews, more than 1 paper per month for 42 years and at his peak in 1980 nearly 1 paper per week (fig 1) . He was a man who lived for his work and thought about little else apart from his wife Janice and his five children. 1962 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 
Defining protein requirements
As detailed in the excellent series on the history of nutritional science (Carpenter 2003, a-d) Although there were some dissenting voices, notably John Harvey Kellogg and most famously Chittendon, who both advocated less meat and lower protein intakes as part of the healthy diet, from the early 20 th century the majority view was that health and especially fitness depended on generous amounts of protein in the diet, especially meat, and that populations which existed on low levels of protein were usually extremely unfit. This view was reinforced by Cecily Williams suggestion that kwashiorkor, which she had described in West Africa in the 1930s was due to protein deficiency, (Williams 1935 Young and Scrimshaw's extensive studies at MIT became the dominant influence within this controversy. They reported a major series of N-balance studies on young adult men, both short and long term studies. Whilst the short term balances (Young et al 1973) essentially confirmed the 1973 value consistent with contemporary work from Calloway & Margen (1971) at the University of California at Berkely, the other major center working on protein requirements at the time, Young and Scrimshaw's long term balances (Garza et al a,b, 1978 carried out specifically to test the safety of the 1973 safe allowance (0.57g protein) showed that this level of intake resulted in negative nitrogen balance, loss of lean body mass, and deteriorating values for serum protein and serum transferases unless additional energy or nitrogen was fed. These alarming findings led to calls by Scrimshaw (e.g. 1977) for an upwards re-evaluation of the 1973 report recommendations, and to the initiation of an international programme of short term balance studies with a common methodology organised by Young and Scrimshaw through the UNU World Hunger Programme.
The outcome of these studies, reported in early 1981, was a mean requirement of 0.6g/kg/d (Torun, Young & Rand 1981 ) and a safe allowance 20-30% higher than this. As a result the agenda of the next FAO/WHO/UNU meeting in 1981 was set and the report,(
FAO/WHO/UNU 1985), on the basis of both short and long term 3 balance data duly raised the safe allowance to 0.75g/kg/d, a value which was adopted by national bodies around the world. Apart from N balance studies on the elderly (Gersovitz et al 1982) following up earlier work ( However in parallel with this in vitro work he was developing a new approach to the in vivo study of muscle protein degradation. During the preparation of a major review on protein metabolism in skeletal and cardiac muscle for Munro's classic series on Mammalian Protein Metabolism ( Young 1970) he became interested in the presence in specific muscle proteins of methylated amino acids of which 3 methyl histidine (3MH) only occurred in actin and some types of myosin heavy chain. This lead to a series of classic studies showing that this was a post translational modification and that 3MH once released during actin proteolysis, was not reutilized for protein synthesis. Since it was not further metabolized in vivo its urinary excretion could serve as a measure of skeletal muscle proteolysis . This paper wasd the basis of his Rank Prize in Nutrition in 1989, and became a citation classic in 1992, demonstrating how widely adopted the method became. Although subsequent work had showed that actin turnover in non muscle tissue was a major fraction of urinary 3MH excretion reducing the specificity of the method, (Millward et al 1980 , Millward & Bates 1983 , the idea was a good example of Young's single-minded and inventive approach to science. to sufficiently adapt to a reduced intake. Early work on albumin turnover in Jamaica strengthened this view (James & Hay 1968 ).
Young was impressed by this work, and adopted Waterlow as one of his mentors. This lead to the establishment of appropriate (IRMS) mass spectrometry facilities at MIT, a rare example of the third world exporting leading edge technology to the US, enabling a series of studies of protein turnover on neonates (Pencharz et al 1977 , children (Kien et al 1978 , adults , and the elderly (Winterer et al 1977 , all aimed at better understanding the protein requirement (see . The other protein which aroused interest through its inability to allow growth of animals was zein, the principal protein extract from maize.
Hopkins had shown that mice fed on zein (which contains very low levels of tryptophan) lived longer if they also received a supplement of tryptophan, and the concept of protein quality determined by its amino protein sources, including cereal proteins, previously assumed to be deficient in lysine or tryptophan, were nutritionally adequate.
Thus protein quality was identified as being unimportant for adults.
In retrospect, given that the major focus of the 1985 report was on increasing the adult protein requirement, the abolition of the importance of protein quality in adults might be thought of as a very surprising decision of the committee. In fact the long standing controversy of the lysine requirement and the nutritional importance of its low level in cereal proteins, especially wheat, has never been entirely straightforward. As recently highlighted by Carpenter (4) wartime studies in the UK by Widdowson and McCance had shown that 9-10y old orphanage children studied over 6 months grew in weight and height some 25% faster than the general population on a bread-based diet with only 14% from animal (milk) foods, with no advantage observed when nearly half the protein was from milk. In fact, in children, with energy needs much higher than adults, their protein needs can be satisfied by much less protein dense foods (see Millward & Jackson 2004) , as evident by the low level of protein in breast milk (6% calories) which mediates rapid post natal growth. Because wheat is a relatively high protein cereal (12-16% calories) and the energy intakes of children of this age is high, the protein content of the diet of the orphanage children (12% calories)
provided them with 2-3 times their protein needs so that protein quality ceased to be important. More importantly, studies examining the nutritional quality of wheat protein in adults also concluded that wheatbased diets maintained N balance and fitness (Bolourchi et al1968) , but these studies were criticized by Young because of their high energy intakes (Rand & Young 1999) . Furthermore Youngs own work comparing isonitrogenous intakes of wheat and beef showed clear differences in their utilization .
Whatever the explanation of the 1985 report's abolition of protein quality contrary to the stated view of one of its authors, by the time that it appeared in 1985 Young was well into the stable isotope studies described above aimed at rectifying what he saw as a major flaw in the report and had completed the 13 C amino acid oxidation balance studies, described above, which were published in 1986. These The MIT amino acid requirements pattern was immediately very controversial in its theoretical origins, (Millward 1990) , especially because its basic idea, of a maintenance pattern based on tissue protein, meant that requirements for maintenance and growth were similar, contrary to the considerable body of work, largely animal studies, going back to Osborne and Mendal, pointing to a quite different amino acid patterns for maintenance and growth. However Young defended it vigorously both with argument (e.g. Young 1992 , Young & El-Khoury 1995 and with further experimental work (Marchini et al 1993 , Raguso et al 1999 , Young & Borgonha 2000 . He was quite happy to organise a session at the 1992 federation meetings at Anaheim were the arguments could be aired in public in front of a packed auditorium containing the entire US nutrition academic leadership (Millward 1994 , Young 1994 He remained convinced to the end that his stable isotope studies in the US and in India supported the MIT pattern especially in terms of the lysine requirement and had the satisfaction that the Nutrition Board expert committee in writing the 2002 US DRI report defined a pattern of amino acid requirements which was very similar to the MIT pattern and consequently restoring the importance of protein quality for human adults. Whatever the ultimate verdict on the MIT amino acid requirements pattern there can be no doubt that the published experimental work aimed at its verification represents a body of knowledge which is invaluable in terms of extending both our understanding of amino acid requirements and the methodology and technology necessary for the further work which undoubtedly will be required.
Other unresolved controversies.
Adaptation
During the period after the 1973 FAO/WHO report the problem of adaptation to low intakes emerged. It was discussed in the 1985 FAO/WHO/UNU report and has been often revisited especially by Waterlow (see Waterlow 1999) and Jackson ( , 2000 .
According to Scrimshaw (1996) the MIT view at the time, and subsequently, was that the individual adult's requirement is genetically fixed over time with inter-but no intra-individual variability. In contrast to this, at UCLA Berklee, a different view emerged based on the work of Sukhatme and Margen (1978) . On short time frame (Young & Borgonha 1998) . However Young has never rested on his well deserved laurels and his approach to those who have challenged his view (e.g. Hegsted (2000) , and myself (Millward 2003 , Millward & Jackson 2004 ) has been to perform more studies. With
Kurpad he has examined whether adaptive reductions in the lysine requirement occurs in chronically undernourished adult Indian men,
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showing that, on the contrary the lysine requirement is increased (Kurpad et al 2003b) . Not prepared to leave it at that they then went on to show that this reflected the presence of intestinal parasites, which when treated, resulted in a value for the lysine requirement "in the range of 30 mg · kg -1 ·d -1 or possibly less," (Kurpad et al 2003e) . This means that the argument about the importance or relevance of adaptation will no doubt continue, not least by the very large number of researchers world wide who
Young trained and will no doubt continue to carry his flag.
Urea recycling and the de novo synthesis of lysine
Young's interest in the use of stable isotopes to probe nitrogen metabolism and his close relationship with Waterlow's unit in Jamaica meant that he new of, and had great interest in, work by David Picou on urea recyling (Picou & Philips 1972) .
The idea that urea hydrolysis in the lower gut liberating ammonia to be utilized for bacterial amino acid synthesis, could also be of importance as a source of amino acids for the host organism had been suggested by evidence from several studies (Giordano et al. 1968 , Furst 1972 . Sheng et al 1977 . However the suggestion that the utilization of urea nitrogen in this way in Papua New Guinea highlanders could improve their nitrogen balance on low and poor quality protein diets (Rikimaru et al 1984) was something Young was very skeptical of, as he was of Jackson's idea that urea salvage was an important control point in the regulation of nitrogen balance (see Jackson 1998 since this was contrary to his own work on urea kinetics (El-Khoury et al 1996) . Nevertheless as further evidence emerged from Malcolm Fuller's work with pigs in Aberdeen (e.g. Torrallardona, et al 1994 Torrallardona, et al , 2003 and our own work 
